Identification of lysine 153 as a functionally important residue in UDP-galactose 4-epimerase from Escherichia coli.
The role of lysine 153 in the action of UDP-galactose 4-epimerase from Escherichia coli has been investigated by site specific mutagenesis and kinetic and spectrophotometric analysis of the mutant enzymes. The crystal structure of UDP-galactose 4-epimerase shows that the binding of NAD+ to the coenzyme site includes the hydrogen bonded interaction of the epsilon-ammonium group of lysine 153 with the 2'- and 3'-hydroxyl groups of the nicotinamide riboside. Mutation of this residue to methionine or alanine decreases the catalytic activity of the enzyme by a factor of more than 10(3). The NAD+ associated with the wild type enzyme is subject to UMP-dependent reduction by sugars such as glucose and arabinose, but the mutant proteins K153M and K153A are not reduced by sugars in the presence or absence of UMP. NAD+ associated with the wild type enzyme is also subject to UMP-dependent reduction by sodium cyanoborohydride. However, although the mutant proteins bind UMP very well, the rate at which NAD+ associated with them is reduced by sodium cyanoborohydride is almost insensitive to the presence of UMP. The purified wild type enzyme contains significant amounts of NADH bound to the coenzyme site; however, the purified mutants K153M and K153A contain very little NADH. We conclude that lysine 153 plays an important role in increasing the chemical reactivity of enzyme-bound NAD+ in the uridine nucleotide-dependent conformational change associated with reductive inactivation and the catalytic activity of UDP-galactose 4-epimerase.